Abstract. During the fall of 1989 and winter of 1990, numerous reports of equine leukoencephalomalacia (ELEM) occurred from many regions of the United States. Typically, horses were consuming feed partially or entirely composed of corn and/or corn screenings. From October 1989 through May 1990, samples from 55 confirmed or suspected ELEM cases were received at the National Veterinary Services Laboratories, Ames, Iowa, for fumonisin B 1 analysis. Samples from 9 cases in 1984-1985 were also obtained. Fumonisin B 1 , a mycotoxin produced by Fusarium moniliforme, causes ELEM, but little is known of naturally occurring toxic or safe levels in feeds. To determine what levels of fumonisin B 1 in feeds are associated with ELEM, 45 selected cases were studied. The fumonisin B 1 concentrations ranged from <1 ppm to 126 ppm, with the majority of the samples above 10 ppm. All types of feeds were included: corn, screenings, sweet feeds, and commercially pelleted rations. The length of exposure varied from 7 to >35 days. Horse feed samples not associated with ELEM were also collected and analyzed. None of the nonproblem feed samples contained fumonisin B, levels >8 ppm.
Equine leukoencephalomalacia (ELEM) is a neuro-ported 1, 2, 9 The length of exposure to the contaminated l toxic disease of equids that has been reported in China, feed in field cases has been quite variable, the morEgypt, New Caledonia, the United States, and South bidity rarely exceeds 50%, and the mortality is usually Africa . [2] [3] [4] [5] 8, 14 The disease has been associated with Fu-high 2 , 1 5 sarium moniliforme -infected corn and has been ex-
The diagnosis of ELEM is based exclusively on gross perimentally reproduced with F. moniliforme culture and/or histopathologic findings. With the implication material. 1, 14 Recently, workers in South Africa char-of fumonisins and the evolution of analytical methods, acterized the fumonisin mycotoxins from cultures of criteria establishing the cause of the syndrome are im-F. moniliforme and induced ELEM in a horse by in-proving; feed levels of FB 1 appear to be directly related travenous injection and oral dosing of pure fumonisin to the occurrence of the disease. B 1 (FB 1 ). 6, 7 Recently, we reported on an ELEM field During the fall of 1989 and winter of 1990, the Naoutbreak and identified FB 1 in the feed. 16 tional Veterinary Services Laboratories (NVSL) reTypically, ELEM is characterized by sudden onset ceived numerous reports of ELEM from many regions of 1 or more of the following: frenzy, aimless circling, of the United States, and suspect feed samples were head pressing, paresis, ataxia, blindness, depression, collected and submitted to the NVSL for FB 1 deterand hyperexcitability. The primary pathologic feature mination. To gain insight into what levels of FB 1 occur of ELEM is liquefactive necrosis of the white matter in feeds associated with ELEM, selected 1989-1990 of the cerebral hemispheres. In some field and exper-cases were studied along with cases from 1984-1985 imental cases, liver involvement has also been re-from which suspect feed samples had been preserved.
Data on FB 1 levels in feed and, in some instances, the length of exposure prior to onset of clinical signs are were associated with confirmed or suspected cases of ELEM Table 1 . FB 1 concentrations, morbidity, and mortality for confirmed ELEM cases (1989) (1990) .
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(frozen, ice pack, none) varied. Samples were packed in glass, paper, cloth, or plastic upon receipt and kept frozen atthose cases where the history was incomplete, a retrospective 10 C until the time of analysis. Those samples kept for extended attempt was made to obtain data on the length of time the periods of time (more than 5 yr) were held at 4 C. Case animals had consumed the feed, morbidity, mortality, and histories were routinely included with each submission. For representativeness of the submitted samples. Multiple samples were collected from cases where feed sources or lots had Table 2 . FB 1 concentrations, morbidity, and mortality for confirmed ELEM cases (1984) (1985) .
changed recently or where diets were composed of multiple components mixed at the time of feeding. For purposes of comparison, horse feed samples not associated with ELEM were also collected. The nonproblem feeds were collected from lots of feeds that were consumed by horses.
Analytical method. Samples were analyzed for FB 1 by thin layer chromatography (TLC), fluorescamine derivative high performance liquid chromatography (HPLC), and/or gas chromatography/mass spectroscopy as previously described. 11 To verify quantitation, some samples were also quantitated using the o-phthalaldehyde fluorescent derivative of FB 1 .
12
Case selection criteria. Criteria for case selection included 1) confirmed diagnosis (gross and/or microscopic lesions consistent with ELEM) and 2) case histories that included length of time the ration had been consumed and/or positive assurance that the collected sample was representative of what the animals were fed prior to disease onset.
Results
A total of 57 submissions of feed related to equine health problems from 9 states were received by the NVSL during the fall of 1989 and winter of 1990. Of those 57, 36 met the criteria for this study (Table 1) . Nine cases from 1984-1985 where feed samples were available also met the criteria (Table 2 ). ELEM was diagnosed by histopathologic methods in 36 cases and by gross pathologic changes in 9 cases. Fumonisin B 2 (FB 1 ) was detected in those samples with detectable FB 1 . In general, FB 2 concentrations were 20-40% of FB 1 . No samples contained FB 2 at concentrations greater than those of FB 1 . Seven of 9 cases from 1984 1985 and 32 of 36 from 1989-1990 had at least 1 sample with FB 1 at least 10 µg/g. The 19 horse feed samples representing 10 cases not associated with any disease problems contained FB 1 from 1 to 9 µg/g, with only 2 samples >5 µg/g (Table 3 ).
Case histories ranged widely from "1 dead horse" to a narrative on the management and feeding practices for the preceding 3 months. In general, information on the length of time the animals consumed the feed was imprecise. Additionally, some histories indicated the feed was switched 1-4 weeks prior to the onset of the disease. Estimates of time were obtained for only 9 of the 1989-1990 cases and 4 of the 1984-1985 cases. The shortest duration was 14 days (case no. 430) and the longest 120 days (case no. 188). The FB 1 levels, morbidity, and mortality are summarized in Tables 1  and 2 . Morbidity was <50% and mortality was >50% for cases where >9 horses were involved. In one of the largest outbreaks studied, 18 of 56 purebred Arabian horses were affected and 14 died (this outbreak was the subject of a prior report). 15 Another large outbreak involved more than 200 horses (case no. 331), with at least 56 deaths. Figure 1 compares the FB 1 levels of the [1989] [1990] [1984] [1985] , and nonproblem feeds. The figure shows only the feed with the highest FB 1 level from each individual ELEM case and nonproblem cases. In many instances, multiple samples were submitted in an attempt to find which were responsible for the problem. As might be expected, some overlap between 5 and 10 µg/g FB 1 is evident because sampling is always an uncontrollable factor in diagnostic testing.
Discussion
Reports of ELEM with associated FB 1 feed levels are rare. 10, 13 In the present study, we evaluated for the first time the relationship of FB 1 feed levels with the clinical and pathologic results from multiple ELEM cases (45) from several states (11) for different time periods. Typically, morbidity was low, mortality was high, and length of exposure was consistent with other reports of field outbreaks of ELEM. 2, 15 Our data strongly suggest that feed with >10 µg/g FB 1 is not safe to feed to horses. The composition of feed samples varied widely, with corn the only consistent ingredient in the form of screenings, whole kernel, or steel-cut chops (cracked corn with fines removed). Many producers were feeding corn and/or corn screenings as a major portion of the diet on a limited basis or as free choice. Sweet feeds were composed of molasses plus a mixture of pellets, corn, oats, corn screenings, and/or supplement. Those called mixed feeds were a similar mix without molasses. Microscopic inspection of the pellets revealed both alfalfa and corn-based products. Two cases (nos. 439 and 586) involved corn-based commercially prepared pellets. Pellets from case no. 586 were obtained on the farm from 4 unopened bags of 2 lots that the animals had been consuming for the previous 3 weeks. FB 1 concentrations in those bags were very consistent: 16, 21, 22, and 23 µg/g. By chance, pellets from the same 2 lots and 2 samples of the corn screenings used to manufacture them were obtained. The reserve pellet samples contained 20 and 22 µg/g FB 1 , and the screenings contained 69 and 71 µg/g. Microscopic examination indicated that the pellets contained 30% screenings, strongly suggesting that FB 1 survives the pelleting process. Thus, commercial corn-based products share the same risk as those prepared by the producer. Additionally, the presence of FB 1 in the 1984-1985 samples comparable to the 1989-1990 samples suggests the compound is stable in feeds over long periods of time. Notably, the 1984-1985 samples were not frozen during storage, but were stored in paper sacks at 4 C for the 5-6-year period. All of the 1984-1985 samples were dry and showed no obvious mold growth. Although we cannot exclude the possibility of FB 1 formation during storage at 4 C, it seems unlikely.
With the implication that FB 1 is the etiogenic toxin of ELEM and the development of analytical methods to measure FB 1 presence in feeds, the diagnostic tools for confirmation have been significantly improved. Results presented here indicate that ≥ 10 µg/g FB 1 can be lethal to horses. Additionally, the presence of FB 2 should be considered. To date, there is little known on the toxicologic significance of FB 2 . These results should help define dosing regimens for further research and eventually assist in defining tolerable levels of this unavoidable toxin.
